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1
MANAGEMENT OF VIRTUAL MACHINE
SNAPSHOTS

BACKGROUND

1. Technical Field

This disclosure generally relates to computer systems, and
more specifically relates to snapshots in computer systems.

2. Background Art

The combination of hardware and software on a particular
computer system defines a computing environment. Different
hardware platforms and different operating systems thus pro-
vide different computing environments. In recent years, engi-
neers have recognized that it is possible to provide different
computing environments on the same physical computer sys-
tem by logically partitioning the computer system resources
to different computing environments, known as virtual
machines. The System i computer system developed by IBM
is an example of a computer system that supports multiple
virtual machines on a single computer system

Snapshots have been used in the prior art to capture state of
acomputer system, and to store that state for future reference.
With the development of virtual machines, snapshots have
been applied to virtual machines in the same way as for
physical computer systems to indicate state of a virtual
machine at a given point in time. A snapshot of a virtual
machine allows a user to select and deploy the snapshot,
which will create a virtual machine that is representative of
the snapshot.

One problem with storing snapshots is the lack of informa-
tion provided to a user. While the snapshot may include the
state of many resources, known snapshots do not reflect
which resources are included in a snapshot. A user who is
looking at many past snapshots may not know the differences
between the snapshots. A user might attempt to remedy this
problem by choosing a name for the snapshot that conveys
some information about what is in the snapshot. However, a
snapshot can include many different computer system
resources, so trying to differentiate between snapshots based
on their name is not an effective solution. Without a way to
display to a user information regarding computer system
resources corresponding to stored snapshots, the user will not
be able to visually determine differences between snapshots
and what is included in snapshots.

BRIEF SUMMARY

A virtual machine snapshot mechanism takes snapshots of
virtual machines on a computer system, generates relation-
ships between a snapshot and resources on the computer
system, and provides a graphical display of one or more
snapshots that allow visually determining which snapshots
include which resources. A user may search the snapshots
based on user-specified criteria. If an exact match is not
available, and closest match is identified in the graphical
display.

The foregoing and other features and advantages will be
apparent from the following more particular description, as
illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

The disclosure will be described in conjunction with the
appended drawings, where like designations denote like ele-
ments, and:
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FIG. 1 is a block diagram of an apparatus that includes a
virtual machine snapshot mechanism that stores virtual
machine snapshots and displays those snapshots in a graphi-
cal display so the user can visually determine which snap-
shots include which computer system resources;

FIG. 2 is a flow diagram of a method for creating, display-
ing and searching virtual machine snapshots;

FIG. 3 is a flow diagram of a method for a user to deploy a
virtual machine represented by a snapshot to a target system;

FIG. 4 is a sample graphical display of multiple snapshots
that shows which resources correspond to each snapshot;

FIG. 5 is a diagram showing sample resources in a com-
puter system;

FIG. 6 is a diagram showing sample relationships in a
snapshot that may be represented in the graphical display; and

FIG. 7 is a sample graphical display of multiple snapshots
and multiple hardware and software resources that shows
which resources correspond to each snapshot.

DETAILED DESCRIPTION

The claims and disclosure herein provide a virtual machine
snapshot mechanism that takes snapshots of virtual machines
on a computer system, generates relationships between a
snapshot and resources on the computer system, and provides
a graphical display of one or more snapshots that allow visu-
ally determining which snapshots include which resources. A
user may search the snapshots based on user-specified crite-
ria. If an exact match is not available, and closest match is
identified in the graphical display.

Referring to FIG. 1, a computer system 100 is one suitable
implementation of a computer system that includes a virtual
machine snapshot mechanism. Computer system 100 is an
IBM eServer System i computer system. However, those
skilled in the art will appreciate that the disclosure herein
applies equally to any computer system, regardless of
whether the computer system is a complicated multi-user
computing apparatus, a single user workstation, or an embed-
ded control system. As shown in FIG. 1, computer system 100
comprises one or more processors 110, a main memory 120,
a mass storage interface 130, a display interface 140, and a
network interface 150. These system components are inter-
connected through the use of a system bus 160. Mass storage
interface 130 is used to connect mass storage devices, such as
a direct access storage device 155, to computer system 100.
One specific type of direct access storage device 155 is a
readable and writable CD-RW drive, which may store data to
and read data from a CD-RW 195.

Main memory 120 preferably contains data 121, an oper-
ating system 122, virtual machines 123, and a virtual machine
snapshot mechanism 124. Data 121 represents any data that
serves as input to or output from any program in computer
system 100. Operating system 122 is a multitasking operating
system. Virtual machines 123 include any suitable number of
virtual machines, shown in FIG. 1 as virtual machine
1234, ..., 123N. The virtual machine snapshot mechanism
124 generates virtual machine snapshots 125, and includes a
snapshot display mechanism 126 that displays one or more of
the virtual machine snapshots 125 in a graphical display, such
as a graphical user interface. The virtual machine snapshots
125 represent state of a virtual machine at a given point in
time. The display indicates relationships between a snapshot
and resources on the computer system 100. Note the
resources may include both hardware and software resources.

The virtual machines 123A, . . ., 123N are shown in FIG.
1 to reside within the main memory 120. However, one skilled
in the art will recognize that a virtual machine is a logical
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construct that includes resources other than memory. A vir-
tual machine typically specifies a portion of memory, along
with an assignment of processor capacity and other system
resources, such as I/O. Thus, one virtual machine could be
defined to include two processors and a portion of memory
120, along with one or more embedded /O that can provide
the functions of mass storage interface 130, display interface
140, network interface 150, or interfaces to /O adapters or
other devices. Another virtual machine could then be defined
to include three other processors, a different portion of
memory 120, and one or more embedded 1/O. The partitions
are shown in FIG. 1 to symbolically represent virtual
machines, which include system resources outside of
memory 120 within computer system 100.

Computer system 100 utilizes well known virtual address-
ing mechanisms that allow the programs of computer system
100 to behave as if they only have access to a large, single
storage entity instead of access to multiple, smaller storage
entities such as main memory 120 and DASD device 155.
Therefore, while data 121, operating system 122, virtual
machines 123 and virtual machine snapshot mechanism 124
are shown to reside in main memory 120, those skilled in the
art will recognize that these items are not necessarily all
completely contained in main memory 120 at the same time.
It should also be noted that the term “memory” is used herein
generically to refer to the entire virtual memory of computer
system 100, and may include the virtual memory of other
computer systems coupled to computer system 100. In addi-
tion, the virtual machine snapshots 125 could be stored on a
remote server known as an image repository.

Processor 110 may be constructed from one or more micro-
processors and/or integrated circuits. Processor 110 executes
program instructions stored in main memory 120. Main
memory 120 stores programs and data that processor 110 may
access. When computer system 100 starts up, processor 110
initially executes the program instructions that make up oper-
ating system 122. Processor 110 also executes the virtual
machine snapshot mechanism 124.

Although computer system 100 is shown to contain only a
single processor and a single system bus, those skilled in the
art will appreciate that a virtual machine snapshot mechanism
may be practiced using a computer system that has multiple
processors and/or multiple buses. In addition, the interfaces
that are used preferably each include separate, fully pro-
grammed microprocessors that are used to off-load compute-
intensive processing from processor 110. However, those
skilled in the art will appreciate that these functions may be
performed using I/O adapters as well.

Display interface 140 is used to directly connect one or
more displays 165 to computer system 100. These displays
165, which may be non-intelligent (i.e., dumb) terminals or
fully programmable workstations, are used to provide system
administrators and users the ability to communicate with
computer system 100. Note, however, that while display
interface 140 is provided to support communication with one
or more displays 165, computer system 100 does not neces-
sarily require a display 165, because all needed interaction
with users and other processes may occur via network inter-
face 150.

Network interface 150 is used to connect computer system
100 to other computer systems or workstations 175 via net-
work 170. Network interface 150 broadly represents any suit-
able way to interconnect electronic devices, regardless of
whether the network 170 comprises present-day analog and/
or digital techniques or via some networking mechanism of
the future. Network interface 150 preferably includes a com-
bination of hardware and software that allow communicating
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on the network 170. Software in the network interface 150
preferably includes a communication manager that manages
communication with other computer systems 175 via net-
work 170 using a suitable network protocol. Many different
network protocols can be used to implement a network. These
protocols are specialized computer programs that allow com-
puters to communicate across a network. TCP/IP (Transmis-
sion Control Protocol/Internet Protocol) is an example of a
suitable network protocol that may be used by the communi-
cation manager within the network interface 150.

As will be appreciated by one skilled in the art, aspects of
the present invention may be embodied as a system, method
or computer program product. Accordingly, aspects of the
present invention may take the form of an entirely hardware
embodiment, an entirely software embodiment (including
firmware, resident software, micro-code, etc.) or an embodi-
ment combining software and hardware aspects that may all
generally be referred to herein as a “circuit,” “module” or
“system.” Furthermore, aspects of the present invention may
take the form of a computer program product embodied in one
ormore computer readable medium(s) having computer read-
able program code embodied thereon.

Any combination of one or more computer readable medi-
um(s) may be utilized. The computer readable medium may
be a computer readable signal medium or a computer read-
able storage medium. A computer readable storage medium
may be, for example, but not limited to, an electronic, mag-
netic, optical, electromagnetic, infrared, or semiconductor
system, apparatus, or device, or any suitable combination of
the foregoing. More specific examples (a non-exhaustive list)
of the computer readable storage medium would include the
following: an electrical connection having one or more wires,
a portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash
memory), an optical fiber, a portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic
storage device, or any suitable combination of the foregoing.
In the context of this document, a computer readable storage
medium may be any tangible medium that can contain, or
store a program for use by or in connection with an instruction
execution system, apparatus, or device.

A computer readable signal medium may include a propa-
gated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-mag-
netic, optical, or any suitable combination thereof. A com-
puter readable signal medium may be any computer readable
medium that is not a computer readable storage medium and
that can communicate, propagate, or transport a program for
use by or in connection with an instruction execution system,
apparatus, or device.

Program code embodied on a computer readable medium
may be transmitted using any appropriate medium, including
but not limited to wireless, wireline, optical fiber cable, RF,
etc., or any suitable combination of the foregoing.

Computer program code for carrying out operations for
aspects of the present invention may be written in any com-
bination of one or more programming languages, including
an object oriented programming language such as Java,
Smalltalk, C++ or the like and conventional procedural pro-
gramming languages, such as the “C” programming language
or similar programming languages. The program code may
execute entirely on the user’s computer, partly on the user’s
computer, as a stand-alone software package, partly on the
user’s computer and partly on a remote computer or entirely
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on the remote computer or server. In the latter scenario, the
remote computer may be connected to the user’s computer
through any type of network, including a local area network
(LAN) or a wide area network (WAN), or the connection may
be made to an external computer (for example, through the
Internet using an Internet Service Provider).

Aspects of the present invention are described herein with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations and/
or block diagrams, and combinations of blocks in the flow-
chart illustrations and/or block diagrams, can be imple-
mented by computer program instructions. These computer
program instructions may be provided to a processor of a
general purpose computer, special purpose computer, or other
programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer or other programmable data pro-
cessing apparatus, create means for implementing the func-
tions/acts specified in the flowchart and/or block diagram
block or blocks.

These computer program instructions may also be stored in
a computer readable medium that can direct a computer, other
programmable data processing apparatus, or other devices to
function in a particular manner, such that the instructions
stored in the computer readable medium produce an article of
manufacture including instructions which implement the
function/act specified in the flowchart and/or block diagram
block or blocks.

The computer program instructions may also be loaded
onto a computer, other programmable data processing appa-
ratus, or other devices to cause a series of operational steps to
be performed on the computer, other programmable appara-
tus or other devices to produce a computer implemented
process such that the instructions which execute on the com-
puter or other programmable apparatus provide processes for
implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks.

While the computer system 100 in FIG. 1 shows multiple
virtual machines 123 deployed on a single computer system
100 for the sake of illustration, the same principles equally
apply to a cloud computing environment. In such an environ-
ment, a virtual machine could span multiple computer sys-
tems. Dynamic definition of the virtual machine could cause
the resources included in the virtual machine across the mul-
tiple computer systems to evolve over time. The virtual
machine snapshot mechanism 124 could reside on one of the
computer systems in the cloud, or could be defined across
multiple computer systems. Virtual machine snapshots 125
could include resources in multiple computer systems, and
could be deployed to a different set of multiple computer
systems. Virtual machines snapshots 125 could also be stored
in an image repository that is separate from the computer
systems that include the resources in the snapshots. The dis-
closure and claims herein expressly extend to managing vir-
tual machine snapshots across any suitable combination of
hardware and software in any suitable configuration.

Referring to FIG. 2, a method 200 is preferably performed
by the virtual machine snapshot mechanism 124 in FIG. 1
when executed by processor 110 in FIG. 1. First, a virtual
machine snapshot is created (step 210). The virtual machine
snapshot reflects the state of the virtual machine at the time
the snapshot is created. Next, the resources corresponding to
the virtual machine snapshot are determined (step 220). Rela-
tionships between the virtual machine snapshot and resources
are then generated (step 230). The virtual machine snapshot

10

15

20

25

30

35

40

45

50

55

60

65

6

with corresponding resources and relationships are then dis-
played in a graphical display in a graphical user interface
(step 240). The user may enter search criteria in the GUI (step
250). If there is a snapshot that is an exact match with the
search criteria (step 260=YES), the matching snapshot is
indicated in the graphical display (step 270). If there is no
exact match (step 260=NO), the snapshot that is the closest
match to the search criteria is indicated in the graphical dis-
play (step 280). Method 200 is then done. Note the resources
in method 200 may include both hardware resources and
software resources. Note also the determination of which
snapshot is the closest match in step 280 when none of the
snapshots are an exact match may be done using any suitable
heuristic or criteria. For example, the resources may be
weighted, with more critical resources assigned a higher
weight than less critical resources, with the match with the
highest weight being selected in step 280.

Referring to FIG. 3, a method 300 may be performed once
the snapshot and its corresponding resources and relation-
ships are displayed in the graphical display in step 240 in FIG.
2. A user selects a virtual memory snapshot in the graphical
display (step 310). The user then selects to deploy the selected
virtual machine snapshot to a target system (step 320). Note
the term “target system” means any suitable virtual machine,
whether the virtual machine is on the same computer system,
on a different computer system, or spans multiple computer
systems.

One suitable example of a graphical display of snapshots
and corresponding resources and relationships is shown in
display 400 of FIG. 4. Each snapshot includes arrows from
resources corresponding to the snapshot. Thus, Snapshot 1
includes Resource 1 and Resource 4. Snapshot 2 includes
Resource 1 and Resource 2. Snapshot 3 includes Resource 2
and Resource 3. Snapshot 4 includes Resource 2, Resource 3
and Resource 4. Snapshot 5 includes Resource 3 and
Resource 4. The arrows from the resources to each snapshot
visually indicate in the graphical display 400 the resources
corresponding to each snapshot. Note also the dotted lines in
display 400 may optionally be included to indicate relation-
ships between resources. Thus, if two resources are mutually-
exclusive, they will not have a dotted line connecting them in
display 400. When two resources are connected with a dotted
line, this means there is a relationship between the resources.

FIG. 5 shows a table 510 of sample resources. Sample
hardware resources include processor type 520, processor
speed 522, number of processors 524, amount of Random
Access Memory (RAM) 526, etc. Of course, other hardware
resources could also be included, such as hard disk size, a
particular graphics card, a particular I[/O card, etc. Sample
software resources include operating system 530, database
532, applications 534, etc. Note the applications 534 could be
individually listed as sample resources, with each individual
application being a software resource that may correspond to
a snapshot. Of course, other software resources could also be
included. The disclosure and claims herein expressly extend
to any suitable hardware or software resource that can be
included in or otherwise correspond to a virtual machine
snapshot.

FIG. 6 shows a table 610 of sample relationships. One
sample relationship is that a snapshot includes a hardware
resource 620. Another is a snapshot includes a software
resource 630. Relationships 620 and 630 in FIG. 6 are repre-
sented in FIGS. 4 and 7 as lines with arrows. Another sample
relationship is relationships between resources 640, as shown
by the dotted lines in FIGS. 4 and 7. Yet another sample
relationship is users for each snapshot 650. While this rela-
tionship is notincluded in FIGS. 4 and 7, by showing the users
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for each snapshot, a user of the virtual machine snapshot
mechanism 124 can visually see which users are using which
snapshots. Thus, a user that is new to a group can quickly and
easily find a snapshot that is used by other members of his
group. Of course, many other relationships could be dis-
played in the graphical representation, and the disclosure and
claims herein expressly extend to any suitable relationship
that may be indicated in the graphical display.

Referring to FIG. 7, a graphical user interface 700 includes
a sample graphical display 710 and a search bar 720. This
specific example assumes virtual machines exist that have
either a PowerPC architecture or an x86 architecture, that
include either 8 GB or 16 GB RAM, that have the Windows
2003 or Linux operating system, and that may include an
application called Eclipse or an application called Director
6.1.2. The arrows between the resources and the snapshots
graphically indicate what is included in the snapshot. Thus,
Snapshot 1 includes the Linux operating system, a PowerPC
processor, Director 6.1.2, and 8 GB RAM. Snapshot 2
includes an x86 processor, Windows 2003 operating system,
8 GB RAM, and Director 6.1.2. Snapshot 3 includes Win-
dows 2003 operating system, a PowerPC processor, Director
6.1.2, and 16 GB RAM. Snapshot 4 includes the Linux oper-
ating system, Eclipse, a PowerPC processor, and 8 GB RAM.
Snapshot 5 includes an x86 processor, Windows 2003 oper-
ating system, 16 GB RAM, and Eclipse. The dotted lines in
graphical display 710 in FIG. 7 represent relationships
between resources. We assume for this example a given vir-
tual machine can have either an x86 processor or a PowerPC
processor, but not both. As a result, there is no dotted line
between the x86 resource and the PowerPC resource in the
graphical display 710. In similar fashion, we assume a virtual
machine will have either 8 GB RAM or 16 GB RAM, but not
both, so there is no dotted line between the 8 GB RAM
resource and the 16 GB RAM resource in the graphical dis-
play 710. Similarly, we assume a virtual machine will have
either Director 6.1.2 or Eclipse, but not both, so there is no
dotted line between the Director 6.1.2 resource and the
Eclipse resource in the graphical display 710. We also assume
a virtual machine will have either Windows 2003 or Linux,
but not both, so there is no dotted line between the Windows
2003 resource and the Linux resource in the graphical display
710.

The search bar 720 provides a way for a user to enter search
criteria for locating a snapshot of interest (see step 250 in FIG.
2). In the example in FIG. 7, the user has specified to search
for a snapshot that includes a Power PC processor, 8 GB
RAM, Linux and Eclipse. Snapshot 4 meets all of these cri-
teria, so Snapshot 4 is an exact match. Snapshot 4 will be
indicated in the graphical display 710 as meeting the search
criteria. In the example in FIG. 7, Snapshot 4 is indicated by
the bold line at 730. Note the matching snapshot could be
indicated using any suitable display technique, including a
different color, bold, italics, flashing video, etc.

The disclosure and claims disclose a virtual machine snap-
shot mechanism that takes snapshots of virtual machines on a
computer system, generates relationships between a snapshot
and resources on the computer system, and provides a graphi-
cal display of one or more snapshots that allow visually
determining which snapshots include which resources. A user
may search the snapshots based on user-specified criteria. If
an exact match is not available, and closest match is identified
in the graphical display.

One skilled in the art will appreciate that many variations
are possible within the scope of the claims. Thus, while the
disclosure is particularly shown and described above, it will
be understood by those skilled in the art that these and other
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changes in form and details may be made therein without
departing from the spirit and scope of the claims.

The invention claimed is:

1. An apparatus comprising:

at least one processor;

memory coupled to the at least one processor;

plurality of hardware resources;

a plurality of software resources;

a plurality of virtual machines executed by the at least one
processor, each virtual machine comprising at least two
of the plurality of hardware resources and at least two of
the plurality of software resources; and

a virtual machine snapshot mechanism executing on the
apparatus that generates a first snapshot of a first of the
plurality of virtual machines that indicates state of the
first virtual machine at a first given point in time, deter-
mines which of the plurality of hardware resources and
which of the plurality of software resources correspond
to the first snapshot by being executed by the first virtual
machine, generates a first plurality of relationships
between the first snapshot and the corresponding hard-
ware and software resources, generates a second snap-
shot of a second of the plurality of virtual machines that
indicates state of the second virtual machine at a second
given point in time, determines which of the plurality of
hardware and software resources correspond to the sec-
ond snapshot by being executed by the second virtual
machine, generates a second plurality of relationships
between the second snapshot and the corresponding
hardware and software resources, displays the first snap-
shot and the second snapshot with the hardware and
software resources corresponding to the first snapshot
and the second snapshot and the first plurality of rela-
tionships and the second plurality of relationships in a
graphical display in a graphical user interface, where
each hardware resource and each software resource in
the first and second snapshots is displayed only once in
the graphical display, where the graphical display indi-
cates by the displayed first plurality of relationships
which hardware and software resources correspond to
the first snapshot and indicates by the displayed second
plurality of relationships which hardware and software
resources correspond to the second snapshot, wherein
the first plurality of relationships is represented by a first
plurality of lines that connect the first snapshot in the
graphical display to each ofthe first corresponding hard-
ware and software resources in the graphical display and
the second plurality of relationships is represented by a
second plurality of lines that connect the second snap-
shot in the graphical display to each of the second cor-
responding hardware and software resources in the
graphical display, wherein the virtual machine snapshot
mechanism allows a user to enter search criteria, and in
response, indicates in the graphical display one of a
plurality of snapshots that includes the first and second
snapshots that matches the search criteria, wherein the
one of the plurality of snapshots does not exactly match
the search criteria and is a closest match to the search
criteria, wherein the user selects one of the plurality of
snapshots in the graphical display and selects to deploy
the selected snapshot on a target system.

2. The apparatus of claim 1 wherein the plurality of snap-
shots each includes at least one relationship that indicates at
least one user for the snapshot, and wherein the graphical
display indicates the at least one user for at least one of the
plurality of snapshots.
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3. A computer-implemented method for handling snap- 4. The method of claim 3 wherein the plurality of snapshots
shots of a plurality of virtual machines on a computer appa- each includes at least one relationship that indicates at least
ratus, the method comprising the steps of: one user for the snapshot, and wherein the graphical display
providing a plurality of hardware resources; indicates the at least one user for at least one of the plurality

of snapshots.

roviding a plurality of software resources; 5 : ..
p gap Y 5. An article of manufacture comprising software stored on

defining a plurality of virtual machines on the computer

apparatus, each virtual machine comprising at least two
of'the plurality of hardware resources and at least two of
the plurality of software resources;

providing a virtual machine snapshot mechanism, the vir-

tual machine snapshot mechanism performing the steps

of:

generating a first snapshot of a first of the plurality of
virtual machines that indicates state of the first virtual
machine at a first given point in time;

determining which of the plurality of hardware
resources and which of the plurality of software
resources correspond to the first snapshot by being
executed by the first virtual machine;

generating a first plurality of relationships between the
first snapshot and the corresponding hardware and
software resources;

generating a second snapshot of a second of the plurality
of virtual machines that indicates state of the second
virtual machine at a second given point in time;

determining which of the plurality of hardware and soft-
ware resources correspond to the second snapshot by
being executed by the second virtual machine;

generating a second plurality of relationships between
the second snapshot and the corresponding hardware
and software resources;

displaying the first snapshot and the second snapshot
with the hardware and software resources corre-
sponding to the first snapshot and the second snapshot
and the first plurality of relationships and the second
plurality of relationships in a graphical display in a
graphical user interface, where each hardware
resource and each software resource in the first and
second snapshots is displayed only once in the graphi-
cal display, where the graphical display indicates by
the displayed first plurality of relationships which
hardware and software resources correspond to the
first snapshot and indicates by the displayed second
plurality of relationships which hardware and soft-
ware resources correspond to the second snapshot,
wherein the first plurality of relationships is repre-
sented by a first plurality of lines that connect the first
snapshot in the graphical display to each of the first
corresponding hardware and software resources in the
graphical display and the second plurality of relation-
ships is represented by a second plurality of lines that
connect the second snapshot in the graphical display
to each of the second corresponding hardware and
software resources in the graphical display;

allowing a user to enter search criteria;

indicating in the graphical display one of a plurality of
snapshots that includes the first and second snapshots
that matches the search criteria, wherein the one of the
plurality of snapshots does not exactly match the
search criteria and is a closest match to the search
criteria;

the user selecting one of the plurality of snapshots in the
graphical display; and

the user selecting to deploy the selected snapshot on a
target system.
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anon-transitory computer readable storage medium, the soft-
ware comprising:

a virtual machine snapshot mechanism that generates a first
snapshot of a first of a plurality of virtual machines
defined on a computer apparatus that indicates state of
the first virtual machine at a first given point in time,
each virtual machine comprising at least two of a plu-
rality of hardware resources and at least two of a plural-
ity of software resources, the virtual machine snapshot
mechanism determining which of the plurality of hard-
ware resources and which of the plurality of software
resources correspond to the first snapshot, generating a
first plurality of relationships between the first snapshot
and the corresponding hardware and software resources,
generating a second snapshot of a second of the plurality
of virtual machines that indicates state of the second
virtual machine at a second given point in time, deter-
mining which of the plurality of hardware and software
resources correspond to the second snapshot, generating
a second plurality of relationships between the second
snapshot and the corresponding hardware and software
resources, and displaying the first snapshot and the sec-
ond snapshot with the hardware and software resources
corresponding to the first snapshot and the second snap-
shot and the first plurality of relationships and the sec-
ond plurality of relationships in a graphical display in a
graphical user interface, where each hardware resource
and each software resource in the first and second snap-
shots is displayed only once in the graphical display,
where the graphical display indicates by the displayed
first plurality of relationships which hardware and soft-
ware resources correspond to the first snapshot and indi-
cates by the displayed second plurality of relationships
which hardware and software resources correspond to
the second snapshot, wherein the first plurality of rela-
tionships is represented by a first plurality of lines that
connect the first snapshot in the graphical display to each
of the first corresponding hardware and software
resources in the graphical display and the second plural-
ity of relationships is represented by a second plurality
of lines that connect the second snapshot in the graphical
display to each of the second corresponding hardware
and software resources in the graphical display, wherein
the virtual machine snapshot mechanism allows a user to
enter search criteria, and in response, indicates in the
graphical display one of a plurality of snapshots that
includes the first and second snapshots that matches the
search criteria, wherein the one of the plurality of snap-
shots does not exactly match the search criteria and is a
closest match to the search criteria, wherein the user
selects one of the plurality of snapshots in the graphical
display and selects to deploy the selected snapshot on a
target system.

6. The article of manufacture of claim 5 wherein the plu-
rality of snapshots each includes at least one relationship that
indicates at least one user for the snapshot, and wherein the
graphical display indicates the at least one user for at least one
of' the plurality of snapshots.
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